Fluoride-releasing restorative materials can be used as a reservoir releasing small amounts of fluoride to the teeth over a long time.Giomer represents a new class of dental materials that uses the pre reacted glass technology (PRG) with excellent mechanical and esthetic properties. OBJECTIVES: The aim of this study is to evaluate the fluoride release ability of Giomer (Beautifil II) compared to Compomer (Dyract XP) and their fluoride recharge ability after exposure to topical fluoride varnish.
INTRODUCTION
Over the last 30 years, dentistry has experienced a remarkable scientific advance regarding the improvement of restorative materials and techniques. Many different restorative materials were introduced to provide the best intraoral performance in terms of durability, aesthetics and symptom relief (1) .
The addition of fluoride to restorative materials has attracted the attention of dental researchers and clinicians due to the possibility of their use as a reservoir releasing small amounts of fluoride, especially in patients with high caries risk (2) . The story of the recognition and exploration of fluoride's ability to prevent caries occurrence or progression is long and interesting (3) .
Fluoride has been known to have a role in the reduction of dental caries since early observations in the 1930s (4) . It increases the tooth resistance to caries through different protective mechanisms such as biological and physicochemical.
Biologically, fluoride can interfere with pellicle and plaque formation. It also affects the metabolic activity of cariogenic bacteria and prevents it from secreting enzymes that ferment carbohydrates and subsequently decrease acid production. Moreover, fluoride plays a role in inhibition of microbial growth (5) .
From the physicochemical point of view, fluoride reverse the demineralization process in the oral cavity and enhance the remineralization by replacing the hydroxyl groups in the upper layers of the hydroxypatite crystals to be fluoroappetite which results in a hard dental tissues with less solubility (6) .
Glass ionomers were invented in the United Kingdom in 1969 and released commercially in the 1970s.This type of restoration has several advantages such as tooth color replication, biocompatibility ,fluoride ion release and uptake by enamel and dentin, coefficient of thermal expansion similar to that of tooth structure, and chemical bonding to both enamel and dentin (7) . However, dentists did not widely accept these materials as a permanent restoration due to its susceptibility to dissolution during hardening, poor wear resistance and low fracture strengths, long setting times and unsatisfactory esthetics (8) .
Hybrid materials combining the technologies of glassionomer and composites were developed to overcome the previous disadvantages of glass-ionomer cements. These hybrid materials mainly include Resin-modified Glass ionomer cements (RMGIC's), Compomers (Polyacidmodified composites) & Giomers (9) .
Compomers are esthetic materials that combine the benefits of traditional composite resins and those of glassionomer cements (10) . Their popularity is due to their excellent handling with many advantages as; ease of placement with good aesthetics, not require mixing, easy to polish, less susceptible to dehydration with fluoride releasing ability and radiopacity (11) . Unfortunately, when compared with composite, their physical properties are weaker (10), they show more marginal staining, matrix expansion due to water sorption, and in addition they require a bonding agent so they are technique sensitive (12) .
A new approach in restorative dentistry has been the introduction of "Giomers" as hybrid aesthetic restorative materials. They contain both of the basic components of glass-ionomer cements and resins but they are not considered as compomers. They are placed in a separate category of composites known as pre-reacted glass-ionomer (PRG) composite (13) . Beautifil Ⅱ is a second generation giomer that uses modified surface pre-reacted glass ionomer (SPRG) filler technology, where only the surface of the fluoridated glass filler reacts with acid to form a thick siliceous hydrogel layer leaving inner unreacted glass core (14) .
Giomers have excellent aesthetics, good color matching, smooth surface finish, decreased microleakage and clinical stability which introduce them as an acceptable choice for restoration of non-carious cervical lesions such as abrasion or erosion and class V cavities in primary or permanent teeth (15) .
In 2011, Dhull et al (16) , compared between Giomer and Compomer in fluoride releasing ability before and after daily topical fluoride application and concluded that, with or without topical application of the fluoridated dentifrice the fluoride release was significantly higher in Giomer than Compomer.
However, in 2015, Gui et al (17) evaluated the fluoride release and recharge of six restorative materials including Giomer and Compomer. They found that the two materials released comparable amount of fluoride.
Due to this contradiction between studies comparing Giomer (Beautifil II) and Compomer (Dyract XP) in fluoride release and recharge, the present study was conducted with the purpose of evaluating the fluoride release ability of Giomer compared to Compomer, and their fluoride recharge ability after exposure to topical fluoride varnish.
The first null hypothesis was that Giomer (Beautifil II) and Compomer (Dyract XP) would release same amount of fluoride ion. The second null hypothesis was that there would be no difference in the fluoride recharging ability of both restorative materials after exposure to topical fluoride varnish.
MATERIALS AND METHODS
The present in-vitro study was carried out in the Department of Pediatric and Preventive Dentistry, Alexandria University and the Institute of Graduate studies and Research, Environmental Studies Department, Alexandria University after the approval of the ethics committee.
The estimated sample size was 40 per group with 80% power (β =20%) and at a significance (α =0.0125) (18) . Total sample was 80 non carious anterior primary teeth extracted for orthodontic reasons or exfoliated, free from cracks or any developmental defects. Surfaces of all teeth included in the study were cleaned from debris and blood using fluoride free pumice and low speed handpiece. Teeth were stored in normal saline. Standard non-beveled buccal class V cavities were prepared following the cavity preparation guidelines for composite (3 mm wide, 2 mm long and 1 mm deep) in the cervical 1/3 of each tooth using a standard # 330 diamond bur mounted at high speed with air/water cooled hand piece. For standardization purpose, the bur's length and a millimeter ruler were used to measure the dimensions of the cavity (19) .
All prepared teeth were thoroughly cleaned with water and gently dried. Teeth were randomly divided into two groups according to restorative material used: Group Ⅰ (n=40): was restored with Giomer (Beautifil Ⅱ, Shofu, K yoto, Japan). Group ⅠⅠ : was restored with Compomer (Dyract XP, Caulk/DENTSPLY). All steps were done following the manufacturer's instructions.
All restored teeth were stored in labeled plastic vials containing 1ml of artificial saliva of pH value was 7, as the closest approximation to physiologic values for saliva in the oral cavity. Fluorine ion concentration in the artificial saliva was zero ppm. All the samples were kept in the incubator at 37°c for 24 hours.
1.Fluoride release
After 24 hours, the plastic vials were thoroughly shaken and then the teeth were removed, washed with 1ml of distilled water and returned into a new vial containing 1ml of fresh artificial saliva. Cumulative fluoride concentration in the artificial saliva was measured on 1 st , 7 th , 14 th and 21 st days.
Fluoride re-release
After 21 days of initial fluoride release, 5% Sodium Fluoride varnish was applied on the buccal surface of all specimens in groups I and II using a disposable brush and allowed to dry for 5 minutes according to the manufacturer's instructions. Each tooth was stored in1ml of fresh artificial saliva with zero ppm fluoride ion concentration and was incubated at 37°c for 24 hours. Cumulative fluoride re-release was measured on 1 st , 7 th , 14 th and 21 st days. 
Measurement of fluoride release and re-release
Each collected artificial saliva sample was buffered with equal volume of Total Ionic Strength Adjustment Buffer (TISAB II) solution to control pH and prevent formation of fluoride complexes.
Fluoride content was determined using fluorine ionspecific electrode (Fluoride electrode model 94-09BN, Orion Research Inc. products gp.529 Main st Boston MA 02129 USA). The fluoride release concentrations were automatically displayed on the analyzer as millivoltage (mV) readings which were entered into the computer using EXCEL software that mathematically established the part per million (ppm) values for each mV unit (20) . The kappa statistic for intra-examiner reliability was 0.854.
Statistical analysis
Data were collected and entered to the computer using SPSS (Statistical Package for Social Science) program for statistical analysis (ver 21). Comparisons of fluoride concentration at different time interval were evaluated using Friedman's twoway analysis of variance by ranks. Dunn-Sidak method was used for pair-wise comparison of each two time interval for each group. Mann-Whitney U test was used for comparison between two study groups at different intervals of time. Wilcoxon Signed Ranks test was used for comparing fluoride concentration before and after recharge in the same group. Correlation for p value was carried out using Bonferroni correction for multiple comparisons. Level of significance was set at p=0.0125.
RESULTS
Pair wise comparison of fluoride concentrations in artificial saliva after teeth restoration with Giomer between different time intervals; 24hours, 7days, 14days, 21days indicated that there was a statistically significant difference when comparing every two intervals (p=0.000) except between the fluoride release after 24 hours to 7 days and the release after 14 to 21 days (p>0.0125). (Table I) . Pair wise comparison of fluoride concentrations in artificial saliva after teeth restoration with Compomer in different time intervals; 24hours, 7days, 14days, 21days indicated that there was statistically significant difference when comparing the fluoride release after 24 hrs to 7 days, 24 hrs to14 days and 24 hrs to 21 days (p<0.0125). However, comparisons between the release after 7 to 14 days, 7 to 21 days and 14 to 21days revealed that there was no statistically significant difference (p>0.0125). (Table II) . Comparison between groups I (Giomer) and II (Compomer) in each time interval separately revealed that Giomer was significantly higher than Compomer in fluoride release after 24hrs, 7days (p=0.000). While Compomer was significantly higher than Giomer after 14days and 21 days of restoration (p=0.000) respectively. Fluoride concentrations in artificial saliva after topical application of sodium fluoride varnish on teeth restored either with Giomer or Compomer in different time intervals; 24hours, 7days, 14days and 21days were statistically significant different (p=0.000).
Comparison between the two groups after recharging with topical fluoride in each time interval separately indicated that there was no statistical significant difference in fluoride concentration between the two materials (p >0.125). (Fig. 3 ) Comparison between amount of fluoride released in the artificial saliva of groups I and II after 21 days and its amount 21 days after recharging indicated that there was a statistically significant increase in fluoride amount 21 days after recharge than before for both materials(p=0.000). (Table III) . Table 3 : Comparison between concentrations of fluoride released in the artificial saliva of groups I and II after 21days and its concentration 21 days after recharging.
DISCUSSION
Compomer (polyacid modified composite) is a hybrid aesthetic restorative material that contains the glass ionomer fillers within the composite resin matrix. It became clinically favorable due to their improved physical and mechanical properties compared to glass ionomer restorative material (11) in addition to their ability to act as a reservoir for direct fluoride release to susceptible tooth surfaces in high caries risk children (21) .
Giomer (Beautifil II) is a new category of hybrid aesthetic restorative material. It contains surface prereacted glass (S-PRG) ionomer filler particles which provide the properties of fluoride release of glass ionomer in addition to the superior physical properties of resin composite as claimed by manufacturer (15) . The current study found an interest to compare the fluoride release of prereacted glass ionomer composite-Giomer (Beautifil II) to polyacid modified composite-Compomer (Dyract XP) restorations in primary teeth and to evaluate their recharging ability with topical fluoride application.
Many methods have been employed to estimate the amount of fluoride release such as spectrophotometry, ion chromatography, fluoride ion-specific electrodes and capillary electrophoresis. Ion specific electrode with an ion analyzer was used in this study because it is simple, inexpensive and does not require the use of complex laboratory equipment. Moreover, it gives an accurate and direct estimate of the free fluoride present in solution (22) .
The current study showed that Giomer released the highest amount of fluoride after 24 hours which remains relatively constant for one week. In the second week, Steady decline of release was significant. However, fluoride release became relatively constant again till the 21 st day. This finding was in agreement with Choudhary et al in 2015 (23) . They evaluated the release of fluoride ions from GIC, Giomer and Compomer before and after recharge with topical fluoride gel. Giomer showed a steady decrease in release of fluoride with time rather than sharp decline like GIC. Result of study conducted by Yap et al in 2002 (22) , who studied the short term fluoride release of GIC, Giomer and Compomer was also in agreement to the results of the present study. They found that fluoride release of Giomer at day seven was significantly greater than at day 21. In contrary, Harhash et al in 2017 (24) , measured the amount of fluoride released from Giomer and two types of composite after 1day, 7 days and 4 weeks and found a significant decrease of fluoride release from day 1 to day 7 in Giomer.
Statistical analysis of the present study indicated that Compomer showed a different pattern of fluoride release in comparison to Giomer. This difference is mainly related to their setting reaction (22) . Greatest fluoride release in Compomer was after 24 hours. However it decreased significantly through the first week and after that it became relatively constant till the 21 st day. This result was in agreement with Cildir et al (2005) (25) and Ahn et al (2011) (26) . This is in contrary to Neelakantan et al, their study in 2011 (27) showed that Compomer had no initial fluoride "burst" effect but lower constant level of fluoride release than conventional GIC from the first day throughout the 28 days study period.
Results of the current study showed that Giomer released significantly higher amount of fluoride than Compomer during the first week. This is in accordance with Bansal and Bansal (2017) (28) . On contrary, study of Mousavinasab et al in 2009 (29) showed that Giomer released significantly less fluoride than Compomer on the 1 st week. However, in the present study, Compomer released significantly higher amount of fluoride than Giomer on the 14 th till the 21 st day. This finding was in agreement with Yap et al in 2002 (22) . In contrast, Al-Naimi et al showed in 2008 (30) that Fluoride release of Giomer and Compomer in natural saliva with normal pH was comparable and no statistically significant difference existed between them. Moreover, Gui et al in 2015 (17) proved in their study that Giomer and Compomer released comparable amount of fluoride.
The observed fluoride releasing pattern demonstrated by Giomer and Compomer can be attributed to the dissolution of their fluoride containing glass filler particles into their resin matrix and surrounding media.
Compomer contains a mixture of monomers and reactive glass fillers. Initial setting is occurring through photopolymerization, followed by acid base reaction that arises from water sorption. Therefore after curing of Compomer and before contact with water the fluoride is not free, but bound in the filler particles which are enclosed in the polymerized matrix. Hence, in the first phase of setting, Compomer completely behave like composite (29) .
Giomer contains surface pre-reacted glass ionomer filler which initially reacts with poly acrylic acid in an acid base reaction prior to incorporation into the resin matrix. Giomer has additional sources of fluoride for release; the fluoride complexes within their glass ionomer hydrogel of prereacted glass particles which might explain its significant continuous high level of fluoride release in the first week. In addition to that, acidified water within the hydrogel layer facilitates more fluoride release through additional dissolution of the fluoride containing unreacted glass core (31, 32) .
Professionally applied fluoride varnish is a common caries preventive measure used in pediatric dentistry (33) . It was used to recharge the tested restorative materials in a way similar to the clinical situation. The ability of the topical fluoride agent for recharging a material is dependent on the dose, frequency, concentration and duration of application of this agent (28) . The fluoride re-release that occurs immediately after recharge is induced by superficial effect of the topical fluoride while during the subsequent days release is attributed to its ability to diffuse through the materials' pores and stored to be re-released (34) .
The results obtained in the present study showed that both Giomer and Compomer were able to be recharged with topical fluoride with no statistically significant difference between them. These findings were on agreement with the studies performed by Rohani et al in 2009 (35) and Dhull et al in 2011 (16) . The latter found that increasing fluoride exposure significantly increased fluoride release from Giomer and Compomer. However, in contrary to the results of this study, they found that Giomer showed comparatively greater fluoride recharge than Compomer with statistically significant difference. In contrast with the results of our study, Gururaj et al in 2013 (36) compared in vitro the fluoride re-release from 5 different aesthetic restorative materials including Giomer and Compomer. They concluded that recharging capability of Compomer was higher than Giomer.
Results obtained from the current study indicated the importance of topical fluoride application. Giomer and Compomer could be recharged with fluoride. Concentrations of fluoride in the artificial saliva after 21 days of recharge are significantly greater than its concentrations just before application of the topical fluoride varnish. Contradictory results to the present study have been reported in 2012 by Abdul Quader et al (37) and Choudhary et al in 2015 (23) , Their results indicated that fluoride release increased substantially 1 day after recharge but declined rapidly to near the base line level after 2 to 3 days. This contradiction may be due to the use of different methodology.
In 2014, according to Jingarwar (38) , the ability of a material to exhibit fluoride recharge depends on its ability to retain fluoride. The glass ionomer phase incorporated within both tested materials is responsible for their fluoride recharge. The relatively hydrophobic nature of the resin matrices of the two materials implicates the glass ionomer as the key reason for the additional recharge. The hydrogel of PRG particles in Giomer exhibits a high permeability and porosity which consequently provides Giomer with areas within its structure capable of greater fluoride uptake (39) .
Giomer showed an initial significant fluoride release for 7 days which may have clinical implications as it will reduce the viability of bacteria that may have been left in the inner carious dentine and induce enamel, dentin remineralization. Moreover the amount of fluoride ion released for both material decreased overtime. Thus the recharging ability of both materials is of great importance. It helps to maintain an increased level of fluoride ion around restoration which is essential for children with high caries risk (5) .
A possible limitation of the present study is that the dynamic nature of conditions found actually in the oral cavity such as salivary flow characteristics, presence of plaque, oral hygiene and dietary habits utilized by the patient which can lead to results that may be different from what have been proven in the current study. Thus further studies employing clinical trials are important.
Within the limitations of the study and based on the previous data, the first tested null hypothesis can be rejected as there was statistical significant difference in fluoride release between Giomer and Compomer. The second tested null hypothesis can be accepted.
CONCLUSION
Fluoride release (ppm) was found to be higher in Giomer (Beautifil II) when compared with Compomer (Dyract XP) in the first week after restoration. Fluorides re-release from Giomer (Beautifil II) and Compomer (Dyract XP) was high when recharging with professionally applied fluoride varnish. Giomer (Beautifil II) showed comparable fluoride recharge with Compomer (Dyract XP). Giomer restorative material could be considered a suitable restoration of primary teeth in high caries risk children.
